Introduction
============

New ideas and methods are needed to kill cancer cells selectively. In the last 40 years, using virus to treat different cancers seemed interesting; however, due to multiple genes involved to progress and metastasize cancer cells we are still looking to find a gene as a main target if we believe cancer is a genetic disease. In my opinion, tumors are as same as black holes. The light can not escape the black hole but it is still inside it, so it looks dark. Interestingly, immune antigens (immunogens) cannot escape the tumor (same light). The main question is: How oncolytic viruses can disrupt and escape from the tumor mass after intratumoral injection? On the other hand, the concept of oncolytic virotherapy has been around for a sufficiently long period of time and now there is increasing pressure for developers of this technology to deliver clinical trials that give rise to at least some suggestion of this therapeutic potential \[[@b1-IJCP-06-101]\]. Direct infection of tumor cells with viruses transferring protective or therapeutic genes, is a frequently used procedure for production of tumor vaccines in human gene therapy \[[@b2-IJCP-06-101]\]. There has been active interest in the potential use of replication competent oncolytic viruses as therapeutic agents in the treatment of cancer \[[@b3-IJCP-06-101]\]. Recently, Motalleb et al. (2009) showed proliferation of NDV-AF2240 in breast tumor tissue in mice \[[@b2-IJCP-06-101]\] ([Figure 1](#f1-IJCP-06-101){ref-type="fig"}). Oncolytic Viruses (OVs) kill cancer cells while sparing normal cells. Often they utilize sophisticated gene products to facilitate immune evasion, allow recognition and penetration of cells, co-opt cellular biosynthetic machinery and ultimately manipulate cell death programs. Interestingly, many of the biological pathways that viruses manipulate are the same ones that tumor cells deregulate during their malignant evolution; and as a consequence, these same pathways have become the targets for anticancer drug development \[[@b4-IJCP-06-101]\]. This review will attempt to provide some insight about the types of viruses that could be selected for development in virotherapy of cancer.

Gene Therapy
============

Gene therapy has the potential to significantly impact human healthcare in the twenty-first century. The idea behind gene therapy is simple: to deliver genetic material to cells that will slow down or halt the progression of disease, or to help repair or regenerate damaged or lost tissues \[[@b5-IJCP-06-101]\]. The field of gene therapy is rapidly advancing in molecular biology techniques. Gene therapy involves insertion of genes into malignant or normal cells in order to modify gene expression for therapeutic benefits. Genes are transfected using either viral or non-viral vectors. When viruses are used, they must be attenuated, so they no longer could be harmful to the patient \[[@b6-IJCP-06-101]\]. Defined targets in cancer can also be exploited for gene therapy. In theory, gene therapy is a more straightforward approach than drug or immune therapy. However, the development of new drugs and vaccines can be pursued on a strong fundament of established procedures and long term experience, whereas in gene therapy almost everything has to be developed from scratch \[[@b7-IJCP-06-101]\].

Oncolytic Viruses
=================

All growth of viruses is favored in actively proliferating cells. However, some viruses are particularly oncotropic by nature. These viruses include human reovirus, the parvoviruses H-1 and minute virus of mice, Vesicular Stomatitis Virus (VSV) and Newcastle Disease Virus (NDV). These naturally occurring oncolytic viruses usually have no or very mild clinical symptoms under normal conditions. Their oncolytic nature appears to result from a tumor associated deficiency in the interferon response pathway \[[@b8-IJCP-06-101]\]. In recent years, there has been active interest in the potential use of replication competent oncolytic viruses as therapeutic agents in the treatment of cancer \[[@b9-IJCP-06-101]\]. The earliest report on suppression of human tumors is cervical carcinoma that regressed after inoculation with attenuated rabies vaccine \[[@b2-IJCP-06-101]\]. Replication selective oncolytic viruses have been introduced as a new method for cancer therapy. Using live viruses for cancer patients dates back to 20th century, and the advances of molecular biology and virology have fostered the development of genetically engineered viruses. The list of oncolytic wild viruses is briefly described in [Table 1](#t1-IJCP-06-101){ref-type="table"}. Numerous reports exist about replication of selective viruses in clinical trials for cancer therapy ([Table 2](#t2-IJCP-06-101){ref-type="table"}). These viruses are engineered or non- engineered. Adenovirus, herpes simplex and vaccinia are engineered viruses, and newcastle disease virus, autonomous parvovirus and reovirus are non- engineered viruses. Interestingly, many viruses preferentially grow in tumor cells. Recent studies of leukaemia and solid tumors showed significant heterogeneity within a population of tumor cells, suggesting that only a subpopulation of cells is responsible for tumorigenesis. These cells have been named Cancer Stem Cells (CSCs) or Cancer Initiating Cells (CICs). CICs have been shown to be relatively resistant to conventional anticancer therapies and could be responsible for relapse of the disease, and therefore they represent a potentially critical therapeutic target. Oncolytic viruses kill cancer cells by mechanisms that are different from conventional therapeutics. Therefore, they are not susceptible to the same pathways of drug or radiation resistance, so it is important to know that CICs are susceptible to oncolytic virus infection or not \[[@b10-IJCP-06-101]\].

Tumor Selective Replication Mechanisms
======================================

Some non engineered oncolytic viruses that could be used to destroy cancer cells will be described.

Newcastle Disease Virus (NDV)
=============================

NDV is a no segmented, single stranded, negative sense, enveloped RNA virus \[[@b2-IJCP-06-101]\] that is not harmful for human health and the first report of its oncolytic activity was introduced in mid-1950s \[[@b28-IJCP-06-101]\]. NDV are categorized as velogenic (highly virulent), mesogenic (intermediate), or lentogenic (no virulent), depending on severity of the disease \[[@b2-IJCP-06-101]\]. The heat stable, viscerotropic NDV (AF2240) isolated in 1960s has anti neoplastic properties and was tested as an anticancer agent in vivo and in vitro ([Figure 2](#f2-IJCP-06-101){ref-type="fig"}) in Malaysia \[[@b29-IJCP-06-101]\]. It was showed that NDV is dependent on activated ras-pathway to replicate efficiently. Due to defects in IFN-pathway, which are often found in tumor cells, cancer cells are sensitive to NDV \[[@b30-IJCP-06-101]\]. Other naturally attenuated strains of NDV, named PV701 and 73-T have been shown to exhibit tumors selectivity against human tumors \[[@b31-IJCP-06-101]\] and induction regression of tumors in different cancer cell lines and fibrosarcoma, neuroblastoma, colon, prostate and breast carcinoma xenografts in mouse model \[[@b30-IJCP-06-101]\] respectively. Further clinical trial phase studies are now being conducted.

Autonomous Parvovirus
=====================

Autonomous parvovirus is a non-enveloped, ssDNA that is unable to push the cells to S phase. Thus, parvoviruses can replicate in transformed cell lines probably due to the high cell cycle control by transformed cells \[[@b32-IJCP-06-101]\]. Parvoviral vectors could carry cytotoxic agents to tumor cells; therefore, it is able to increase the antitumor activity of autonomous parvovirus in human cancer cell cultures \[[@b33-IJCP-06-101]\].

Reovirus
========

Reovirus is a non-enveloped dsRNA virus with low pathogenicity in humans \[[@b34-IJCP-06-101]\]. Tropism and cytotoxicity of reovirus in neoplastic cell lines has been shown but its mechanism has just recently been explained. Mouse fibroblasts are resistant to reovirus infection but after activation of ras pathway in tumorigenesis become susceptible to infection \[[@b35-IJCP-06-101]\]. In addition, gene deletion of activated Protein Kinase (PKR) which is an important factor in host defence system against viruses permits reovirus infection and replication \[[@b36-IJCP-06-101]\]([Figure 3](#f3-IJCP-06-101){ref-type="fig"}). As most tumors have an activating mutation in ras-pathway \[[@b37-IJCP-06-101]\], reovirus could be an ideal oncolytic agent. Reovirus has been shown to selectively destroy neoplastic cells; for example, ovaries, lymphoid malignancies, breast, and colon, both in vitro and xenograft in mice model (intratumoral and intravenously) \[[@b38-IJCP-06-101],[@b35-IJCP-06-101]\]. Reovirus therapy combined with cyclosporine A or anti-CD4/anti- CD8 antibodies will increase the oncolytic effect of the virus \[[@b39-IJCP-06-101]\].

Increasing the Antitumor Effect of Oncolytic Virotherapy
========================================================

Tumor growth contains complex and flexible pathways and for this reason increasing resistance and progression of tumor still is the rule for patients with metastatic disease. However, new agents with independent therapeutic pathways represent a central alternative. Among them, oncolytic viruses are unique since they can be amplified by infected cells, armed to selectively infect and kill cancer cells and induce an immune response against the tumor \[[@b40-IJCP-06-101]\]. In order to increase the antitumor effect of oncolytic viruses, we need new and multimodal method to maximize the function and action of viruses inside the tumor mass without virus dissemination out of the tumor. Dissemination of virus will decrease the antitumor activity due to decrease of dose and concentration of the virus \[[@b2-IJCP-06-101]\]. On the other hand, pathogenesis of virus should be considered after dissemination into different organs. Nowadays, evaluation of oncolytic virus\'s application in combination with chemotherapy, radiotherapy, or suicide gene therapy is under investigation ([Table 3](#t3-IJCP-06-101){ref-type="table"}).

Conclusion
==========

Combining therapies may increase antitumor effects than either of these therapies alone therefore the balance of combination strategy is needed. Interestingly, no overlapping resistance between oncolytic viruses and the other therapies was observed. Finally, it may be possible to use lower doses of the virus, and decrease virus toxicity in normal tissues after dissemination of the virus. It can be concluded that further studies should be conducted on oncolytic viruses as therapeutic agents in this setting which may result in the extension of anticancer armamentarium in the future.
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![Confocal laser scanning micrographs of NDV-AF2240 in breast tumor tissue (B). No signal was observed in negative control (A), X200. \[[@b2-IJCP-06-101]\]](IJCP-06-101f1){#f1-IJCP-06-101}

![Confocal micrographs of MCF-7 cells treated with AF2240 strain of NDV and stained by TUNEL technique \[[@b9-IJCP-06-101]\]. (A) Untreated (D) treated for 72 hours respectively. Note the fragmented nucleus (D). Magnification: (A-D): 40x, inserted picture:120x.](IJCP-06-101f2){#f2-IJCP-06-101}

![Confocal laser scanning micrograph of MCF-7 cells treated with NDV-AF2240 and labelled with polyclonal antibody and anti-chicken FITC for untreated (A) and treated for 24, 48 and 72 h (B, C and D) respectively. Note the fluorescence staining in the cytoplasm at 24 and 48 h post-treatment (B, C) and budding-off of the virus (arrow) at 72 h post-treatment (D). Magnification: (A, B) 60X, (C,D) 120X\[[@b9-IJCP-06-101]\]](IJCP-06-101f3){#f3-IJCP-06-101}

###### 

Viruses with oncolytic selective activities

  Virus                         Tumor target                                 Reference
  ----------------------------- -------------------------------------------- -------------------------------------------
  Reovirus                      Pancreatic cancer                            \[[@b11-IJCP-06-101]-[@b14-IJCP-06-101]\]
  Myxomavirus                   Glioma                                       \[[@b15-IJCP-06-101]-[@b16-IJCP-06-101]\]
  Parvovirus H-1                Breast and hepatocellular carcinoma          \[[@b17-IJCP-06-101]-[@b20-IJCP-06-101]\]
  Human adenoviruses            Cervical cancer                              \[[@b21-IJCP-06-101]\]
  Newcastle disease virus       Diverse                                      \[[@b22-IJCP-06-101]\]
  Vesicular stomatotis viruse   Hepatocellular carcinoma and breast cancer   \[[@b22-IJCP-06-101]\]
  Bovine herpes virus 4         Lung carcinoma                               \[[@b23-IJCP-06-101]-[@b24-IJCP-06-101]\]
  Coxsackie virus A21           Melanoma                                     \[[@b25-IJCP-06-101]-[@b26-IJCP-06-101]\]

###### 

Example of replication selective viruses in clinical trials for cancer \[[@b27-IJCP-06-101]\]

  Strain                                                                                                     Clinical phase          Tumor targets   Genetic alteration                     Cell phenotype
  ---------------------------------------------------------------------------------------------------------- ----------------------- --------------- -------------------------------------- ------------------------------------------
  \*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*Engineered\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*                                                                                  
                                                                                                                                                                                            
  Adenovirus (2/5 chimera)                                                                                   I-III                   SCCHN           E1B-55kD gene deletion                 Controversial cells lacking p53 function
  Colorectal                                                                                                                                                                                
  Ovarian                                                                                                    E3-10.4/14.5 deletion                                                          
  Pancreatic                                                                                                                                                                                
                                                                                                                                                                                            
  Adenovirus (serotype 5)                                                                                    I                       Prostate        E1A expression driven by SPE element   Prostate cells
                                                                                                                                                                                            
  Adenovirus (2/5 chimera)                                                                                   I                       Prostate        E1B-55kD gene deletion                 Controversial cells lacking p53 function
                                                                                                                                                                                            
  Herpes simplex (virus-1)                                                                                   I-II                    GBM             Ribonucleotide reductase distruption   Proliferating cells
                                                                                                                                                                                            
  Herpes simplex                                                                                             I                       Colorectal      Neuropathogenesis gene mutation        Proliferating cells
                                                                                                                                                                                            
  Vaccinia virus                                                                                             I                       Melanoma        None or tk deletion                    Unknown
                                                                                                                                                                                            
  \*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*Non-engineered\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*                                                                                      
                                                                                                                                                                                            
  NDV                                                                                                        I                       Bladder         Unknown                                Loss of IFN response in tumor cells
  SCCHN                                                                                                                                                                                     
                                                                                                                                                                                            
  Autonomous parvovirus                                                                                      I                       Ovarian         None                                   Transformed cells
  ↑proliferation                                                                                                                                                                            
  ↑differentiation                                                                                                                                                                          
  Ras, p53 mutation                                                                                                                                                                         
                                                                                                                                                                                            
  Reovirus                                                                                                                           SCCHN           None                                   Ras pathway activation
                                                                                                                                                                                            

###### 

Oncolytic virotherapy with standard therapies \[[@b41-IJCP-06-101]\]

  Strain of virus                                          Factor         Drug                                         Effect        Tumor
  -------------------------------------------------------- -------------- -------------------------------------------- ------------- ---------------------------------------------
  VSV                                                      VSV-C:U        Cytosine deaminase                           Enhanced      Mammary carcinoma
  HSV-1                                                    rRp450         Cytochrome P450 oxidase                      Enhanced      Hepatocellular carcinoma
  Vaccinia virus                                           VVCD           Cytosine deaminase                           Enhanced      Colon adenocarcinoma
  Suicide gene therapy treatment Adenovirus                Ad-TK          Thymidine kinase                             Enhanced      Glioma
  HSV-1                                                    NV1020                                                      Synergistic   Glioma
  Suicide gene therapy-radiotherapy treatment Adenovirus   Ad5-CD/TKrep   Cytosine deaminase/thymidine kinase fusion   Enhanced      Prostate cancer, Glioma, cervical carcinoma
  HSV-1                                                    G207                                                        Enhanced      Cervical cancer
  Radiotherapy treatment Adenovirus                        ONYX-015       \-\-\--                                      Additive      Colon cancer
  Chemotherapy treatment Adenovirus                        CV890          Doxorubicin                                  Synergistic   Liver cancer
  Chemotherapy treatment Adenovirus                        CV787          Paclitaxel                                   Synergistic   Prostate cancer
  Chemotherapy treatment Adenovirus                        ONYX-015       Doxorubicin                                  Synergistic   Thyroid cancer
  Chemotherapy treatment Adenovirus                        ONYX-015       Paclitaxel                                   Synergistic   Thyroid cancer
  Adeno-associated virus                                   AAVtk          Thymidine kinase                             Enhanced      Laryngeal cancer
  Radiotherapy treatment Adenovirus                        CV706          \-\-\--                                      Synergistic   Prostate cancer
  HSV-1                                                    G207           Vincristine                                  Enhanced      Rhabdomyosarcoma

HSV-1: herpes simplex virus 1; VSV: vesicular stomatitis virus; rRp450: Oncolytic herpes virus mutant rRp450; Ad5-CD/TKrep: replication-competent Ad5-CD/TKrep adenovirus containing a cytosine deaminase (CD)/herpes simplex virus thymidine kinase (HSV-1 TK) fusion gene; AAVtk: adenoassociated virus thymidine kinase
